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Abstract 
The authors investigate regional variations in culi-
nary culture by constructing a flavor network of 
food ingredients, based on shared flavor com-
pounds, and comparing this network to recipe data. 
They show that Western and Eastern cuisines differ 
in their compound sharing patterns. The findings 
show, in particular, that only Western cuisines 
support the hypothesis that foods sharing flavor 
compounds are more likely to taste well together. 
Using additional data the authors investigate the 
validity of this hypothesis further and suggest a 
new, more specific version of the hypothesis, which 
holds for a particular subset of compounds.  
Keywords: food, network, flavor compounds, food 
choice, food culture, gastronomy 

Food lies at the center of our life [1-3]. 
Human beings are omnivorous and are 
the only species to have developed a 
highly complex and diverse food culture. 
This raises an interesting question: How
much of our culinary variety is due to 
cultural influences and how much due to 
innate preferences?

This question has been the subject of 
extensive research, which has brought to 
light a number of universal principles 
that govern our food choices. For in-
stance, sweetness and fattiness are clear 
favorites across cultures because they 
indicate the presence of carbohydrates 
and fat, both of which are good energy 
sources [4,5]. There are also other types 
of regularities that are functions of the 
climate in which foods are produced and 
consumed. For example, the usage of 
spices is very heterogeneous across cul-
tures. A study revealed that the use of 
spices in a given region is highly corre-
lated with its annual temperature, as well 
as with the usage of meat (which is more 
perishable in certain regions) [6,7].  

It nevertheless remains unclear wheth-
er there are further principles that under-
lie our food culture. One interesting 
candidate is the “food pairing hypothe-
sis” originally proposed by François 
Benzi and Heston Blumenthal, which 
later gained considerable interest among 
chefs and scientists [8]. The hypothesis 
is the following: “If two ingredients 

share important flavor compounds, then 
they will go well together”. Numerous 
pairings have been created using this 
principle such as dark chocolate and blue 
cheese, pork and jasmine, white choco-
late and caviar, etc. However, the evi-
dence for this hypothesis has been 
anecdotal and has not relied on systemat-
ic and quantitative investigation. 

We recently introduced the “flavor 
network” (Fig. 1) as a step towards a 
more systematic validation of the hy-
pothesis and also as a framework for 
further study of food choice [9]. The 
Fenaroli’s handbook [10] that lists the 
natural occurrences of flavor compounds 
provides us with a network of flavor 
compounds and culinary ingredients, 
from which we can derive a network of 
culinary ingredients (the flavor network) 
in which connections between ingredi-
ents signify shared compounds. Com-
bined with recipe data from multiple 
online recipe datasets (two from US and 
one from South Korea), we showed that 
shared compounds affect ingredient 
combinations very differently in Western 
and Eastern cuisines. North American 
recipes for instance have ingredient 
combinations that share many flavor 
compounds much more frequently than 
randomly generated recipes with the 
same usage frequency of ingredients. By 
contrast, East Asian recipes tend to share 
fewer flavor compounds than their ran-
domized versions. These datasets allow 
us to extract authentic ingredients (and 
authentic combinations) of each cuisine 
and put them in perspective. 

More recently we have collected fur-
ther data sets to investigate the shared 
compound hypothesis more deeply.  
These include a compound-ingredient 
association data set known as the VCF 
(Volatile Compounds in Food) database 
[11], to which we were kindly given 
access for research purposes by the com-
pany TNO. The VCF database contains 
the concentrations of many compounds 
in foods, which goes further than the 
mere presence or absence of compounds 
recorded in the Fenaroli database. A 
second dataset we have analysed is The 
Flavor Bible [12], which is a curated list 
of almost six thousand ingredient pair-
ings recommended by chefs. This dataset 
focuses entirely on flavor pairings, 
whereas the recipes used in our earlier 
analysis also contain many ingredients 
that contribute to the structure and tex-
ture of a dish, rather than its flavor. A 
third dataset are descriptions of the odor 
and flavor of chemical flavor compounds 
by food scientists, which are part of the 

Fenaroli handbook. We can test the 
shared compound hypothesis using the 
Flavor Bible and the VCF database by 
randomizing the former and testing 
whether more compounds are shared 
between ingredients in the original pair-
ings than in the randomized version. The 
concentrations of the VCF database al-
low us to impose minimum concentra-
tion thresholds on the compounds we 
consider, and the flavor descriptions 
allow us to further filter the compounds 
according to their flavor or odor. Con-
sidering all compounds, the original Fla-
vor Bible data differs from randomized 
versions by one-and-a-half standard de-
viations. If we only consider compounds 
that mention foods in their flavor de-
scriptions, i.e. compounds that have food 
aromas, this rises to two-and-a-half 
standard deviations. And if we only con-
sider compounds that appear in concen-
trations of 100 parts per million (ppm) or 
higher, then the significance rises fur-
ther, to almost four-and-a-half standard 
deviations. This indicates that the shared 
compound hypothesis may hold particu-
larly for dominant foods with flavor 
compounds that have food aromas. 

Our work can be seen as part of a 
greater movement, which sees the appli-
cation of data mining and network analy-
sis approaches to the social sciences, arts 
and humanities. In the past two decades 
these methods have become an important 
research tool in the biological sciences, 
resulting in completely new biological 
disciplines, such as systems biology and 
computational biology. From there they 
have started to spread to other areas, 
such as linguistics [13], archaeology 
[14], and art history [15]. The research 
we present here represents an application 
of large-scale data analysis to gastrono-
my and food science, and we hope that 
this might form a contribution to the 
emerging field of computational gas-
tronomy.
References and Notes 
* This paper was presented as an invited talk at 
Arts, Humanities, and Complex Networks – 3rd 
Leonardo satellite symposium at NetSci2012. See 
<http://artshumanities.netsci2012.net>. 

1. J. M. Diamond, Guns, germs, and steel: The fates 
of human societies (Norton, New York, 1997). 

2. M. Harris, Good to eat: Riddles of food and 
culture (Waveland Press, 1998). 

3. C. Counihan & P. van Esterik, (eds.) Food and 
culture (Routledge, 2007). 

4. P. Rozin, The selection of foods by rats, humans, 
and other animals. Advances in the Study of Behav-
ior 7, 21–76 (1976). 

5. A. Drewnowski & M. R. C. Greenwood, Cream 
and sugar: Human preferences for highfat foods. 
Physiology & Behavior 30, 629–633 (1983).



	 Transactions          273

AH
C

N
@

N
eT

S
C

I2
0

1
2

6. J. Billing & P. W. Sherman, Antimicrobial func-
tions of spices: Why some like it hot. The Quarterly 
Review Of Biology 73, 3–49 (1998). 

7. P. W. Sherman & G. A. Hash, Why vegetable 
recipes are not very spicy. Evolution and Human 
Behavior 22, 147–163 (2001). 

8. M. de Klepper, Food pairing theory: A European 
fad, Gastronomica: The Journal of Food and Cul-
ture 11, 55-58 (2011). 

9. Y.-Y. Ahn, S. E. Ahnert, J. P. Bagrow & A.-L. 
Barabási, Flavor network and the principles of food 
pairing. Scientific Reports 1, 196 (2011). 

10. G. A. Burdock, Fenaroli’s handbook of flavor 
ingredients (CRC Press, 5th edition, 2004).  

11. VCF Volatile Compounds in Food : database / 
Nijssen, L.M.; Ingen-Visscher, C.A. van; Donders, 
J.J.H. [eds]. – Version 13.2 – Zeist (The Nether-
lands) : TNO Triskelion, 1963-2012. 

12. K. Page & A. Dornenburg, The Flavor Bible 
(Little, Brown and Company, 1st edition, 2008). 

13. E. Lieberman, J.-B. Michel, J. Jackson, T. Tang, 
and M. A. Nowak, Nature 449, 713-716 (11 Octo-
ber 2007). 

14. C. Knappett, R. Rivers, T. Evans, The Theran 
eruption and Minoan palatial collapse: New inter-
pretations gained from modelling the maritime 
network. Antiquity 85 (2011) 1008-1023 (2011). 

15. M. Schich, Netzwerke komplexer Netzwerke in 
der (Kunst)Wissenschaft. in: B. Job, A. Mehler, and 
T. Sutter (ed.): Interdependenz und Dynamik 
sozialer und sprachlicher Netzwerke. Bielefeld: 
Zentrum für Interdisziplinäre Forschung (ZIF) 
2011. 

Figure 1: Weighted network of food ingredients derived in [9] from the bipartite network of ingredients and chemical flavor com-
pounds. The thickness of connections between ingredients reflects the number of compounds shared between them. Chefs and 
food scientists have hypothesized that an increased number of shared compounds is an indicator of the flavor compatibility of two 
ingredients in food preparation. (© Yong-Yeol Ahn)


